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Description 

Background of the Invention 

The present invention is directed to a valuable new form of azithromycin (9-deoxo-9a-aza-9a-methyl-9a- 
homoerythromycin A), viz., a non-hygroscopic dihydrate form thereof. 

Azithromycin is the U.S.A.N. (generic name) for 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A, a 
broad spectrum antibacterial compound derived from erythro-mycin A. Azithromycin was independently discov- 
ered by Bright, U.S. Patent 4,474,768 and Kobrehel et al., U.S. Patent 4,517,359. The name rt N-methyl-1 1-aza- 
10-deoxo-10-dihydroerythromycin A" was employed in these patents. The present more systematic name is 
based upon the ring expansion and replacement nomenclature of the "IUPAC Nomenclature of Organic 
Chemistry, 1979 Edition," Pergamon Press, 1979, pp. 68-70, 459, 500-503. 

As previously crystallized from ethanol and water (e.g., Example 3 of U.S. 4,474,768), azithromycin was 
obtained as hygroscopic monohydrate (for details, see Preparation 1 below). Because of its hygroscopic nature, 
it is most difficult to prepare and maintain this prior monohydrate product in a form having a constant, repro- 
ducible water-content. It is particularly difficult to handle during formulation, since at higher relative humidity 
levels which are generally required to avoid electrostatic problems (e.g., flow rates, dusting with potential for 
explosion), the monohydrate readily picks up varying amounts of water, the amount depending upon exposure 
time and the precise value of the relative humidity (see Preparation 1 below). Such problems have been over- 
come by the present invention of a stable dihydrate which is essentially non-hygroscopic under condition of 
relative humidity conducive to formulation of azithromycin. 

Summary of the Invention 

The present invention is directed to a valuable new form of azithromycin, viz., a crystalline, non-hygroscopic 
dihydrate, prepared by crystallization from tetrahydrofuran and an aliphatic (C5-C7) hydrocarbon in the presence 
of at least two molar equivalents of water. 

Azithromycin is of the formula 



It is derived from erythromycin A without involvement of asymmetric centers, and so has stereochemistry 
at each of these centers (*) which is identical with that of erythromycin A. Named systematically as an eryt- 
hromycin A derivative, the compound is called 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A. Azithromy- 
cin, including the present dihydrate, possess broad-spectrum antibacterial activity useful in the treatment of 
susceptible bacterial infections in mammals, including man. 

The expression "aliphatic (C 5 -C 7 ) hydrocarbon ,, refers to lower boiling hydrocarbon solvents, frequently 
mixtures of particular boiling point ranges such as those generally referred to as "pentane", "hexane", 
"hexanes", etc., but which may also be substantially pure, e.g., n-hexane, cyclohexane or methylcyclohexane. 
A preferred hydrocarbon solvent is so-called "hexane", having a boiling point which ranges near that of pure 
n-hexane. 
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Detailed Description of the Invention 

The present invention is readily carried out. Azithromycin, prepared according to Bright or Kobrehel et al. 
(cited above) in amorphous form, or as the monohydrate (which may contain, because of its hygro-scopicity, 

5 more than one molar equivalent of water) is dissolved in tetrahydrofuran. Since the temperatures required for 
the initial stages of the present process are not critical, ambient temperatures are generally employed, avoiding 
the cost of heating and cooling. Furthermore, to maximize yield and minimize solvent, labor and equipment 
costs, the volume of tetrahydrofuran is kept to a near minimum, e.g., 2 liters of solvent per kilogram of substrate. 
Any insoluble impurities which may be present at this stage are readily removed by conventional methods of 

10 filtration. If necessary, the mixture can be decolorized with activated carbon. If desired, the highly concentrated 
mixture can be diluted with a portion of (C 5 -C 7 )-hydrocarbon prior to filtration, in order to facilitate handling. If 
the water content of the ingoing bulk is much greater than one molar equivalent, e.g., approaching 2-molar equi- 
valents, it is preferable to dry the mixture for a short period of time over a drying agent such as MgS0 4 , par- 
ticularly if hydrocarbon solvent is to be added prior to filtration. To obtain the crystalline dihydrate, water is added 

15 to the resulting clear solution, in an amount sufficient to bring the total water content to a level corresponding 
to at least two molar equivalents, generally not exceeding a level of about 3-4 molar equivalents. The level of 
water present in the system is readily monitored by standard Karl Fischer titration. The addition of water Is fol- 
lowed by the addition of the hydrocarbon solvent (or of more hydrocarbon solvent, if the mixture was previously 
diluted before filtration), leading to crystallization of the desired dihydrate product. This stage of the process 

20 can be carried out at ambient temperature (e.g. 1 7-3 0°C), but to facilitate the initial crystallization, is preferably 
carried at slightly elevated temperature (e.g. 30-40°C). The total volume of hydrocarbon solvent employed is 
generally at least about four times in volume that of the tetrahydrofuran. Higher volumes of hydrocarbon are 
satisfactory, but are generally avoided in the interest of minimizing cost. Once crystallization is complete, the 
product is recovered by filtration, usually after a period of granulation (e.g., 3-24 hours) at ambient temperature. 

25 The product is usually vacuum dried of organic solvents (at 2(M0°C, conveniently at ambient temperature). 
To avoid loss of water of hydration, the volatiles and water-content are generally monitored during drying, such 
that the level of tetrahydrofuran and hydrocarbon will generally fall below 0.25% and the water content will be 
within 0.3% of theory (4.6%). 

Azithromycin dihydrate is formulated and administered in the treatment of susceptible bacterial infections 

30 in man according to methods and in amounts previously detailed by Bright, U.S. Patent 4,474,768, cited above 
and hereby incorporated by reference. 

The present invention is illustrated by the following examples. However, it should be understood that the 
invention is not limited to the specific details of these examples. 

35 EXAMPLE 1 

Non-Hygroscopic Azithromycin Dihydrate 

Method A 

40 

The hygroscopic monohydrate of Preparation 1 (100 g ; water-content: 3.1%), tetrahydrofuran (220 ml) 
and diatomaceous earth (5 g) were combined in a 500 ml Erlenmyer flask, stirred for 30 minutes and filtered 
with 20 ml of tetrahydrofuran wash. The combined filtrate and wash was transferred to a 3 liter round bottom 
flask. The solution was stirred vigorously and H 2 0 (2.0 ml) was added. After 5 minutes, hexane (1800 ml) was 
45 added over 5 minutes, with continued vigorous stirring. Following an 18 hour granulation period, title product 
was recovered by filtration with 1 x 10 ml hexane wash, and dried in vacuo to 4.6 ± 0.2% H 2 0 by Karl Fischer, 
89.5 g. 

Method B 

50 

The hygroscopic monohydrate of Preparation 1 (197.6 g) and tetrahydrofuran (430 ml) were charged to a 
reactor and the mixture stirred to achieve a milky white solution. Activated carbon (10 g) and diatomaceous 
earth (10 g) were added and the mixture stirred for 15 minutes, then diluted with 800 ml of hexane and filtered 
with suction over a pad of diatomaceous earth with 250 ml of hexane for wash. The combined filtrate and wash 
55 was diluted to 2500 ml with hexane and warmed to 34°C. With stirring, 24.7 ml of H 2 0 was added. The mixture 
was allowed to cool to room temperature, granulated for five hours and title product recovered and dried as in 
Method A, 177.8 g. 

The dihydrate melts sharply at 126°C (hot stage, 10°/minute) ; differential scanning calorimetry (heating 
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rate, 20°C/minute) shows an endotherm at 127°C ; thermal gravimetric analysis (heating rate 30°C/minute) 
shows a 1.8% weight loss at 100°C and a 4.3% weight loss at 150°C ; ir (KBr) 3953, 3553, 3488, 2968, 2930, 
2888,2872,2827, 2780,2089, 1722, 1664, 1468, 1426, 1380, 1359, 1344, 1326, 1318, 1282, 1270, 1252, 1187, 
1167, 1157, 1123, 1107, 1082, 1050, 1004, 993, 977, 955, 930, 902, 986, 879, 864, 833, 803, 794, 775, 756, 
5 729, 694, 671, 661, 637, 598, 571, 526, 495, 459, 399, 374, 321 and 207 cnH ; [alpha] * = -41.4° (c = 1, 
CHCI 3 ). 

Anal. Calcd. for C 38 H 72 N 2 0 12 • 2H 2 0 : 

C, 58.14 ; H, 9.77 ; N, 3.57 ; OCH 3 , 3.95 ; H 2 0, 4.59. 

Found : 

" C, 58.62 ; H, 9.66 ; N, 3.56 ; OCH 3 , 4.1 1 ; H 2 0, 4.49. 

Neutralization Equivalent (0.5 N HCI in 1 : 1 CH 3 CN : H 2 0) : 

Calcd. : 374.5. Found : 393.4 

Samples of a dihydrate, slightly over dried to contain 4.1 % water (less than theoretical) rapidly picked-up 

water at 33%, 75% or 1 00% relative humidities to achieve the theoretical water content (4.6%) for the dihydrate. 
15 At 33% and 75% relative humidities, water content remained essentially constant for at least 4 days. At 100% 

relative humidity, the water content further rose to about 5.2, where it remained essentially constant for the next 

three days. 

A sample of the same dihydrate, maintained at 18% relative humidity gradually lost water. At four days, 
the water content was 2.5% and at 12 days, 1.1%. 

20 

PREPARATION 1 

Hygroscopic Azithromycin Monohydrate 

25 Substantially following the methylation procedure of Kobrehel et al., U.S. Patent 4,517,359 ; and the crys- 
tallization procedure of Bright, U.S. Patent 4,474,768 ; 9-deoxo-9a-aza-9a-homoerythromycin A (previously 
called 11-aza-10-deoxo-10-dihydro-erythromycin A ; 100 g, 0.218 mol) was dissolved with stirring in 400 ml 
CHCI3. Formic acid (98% ; 10.4 ml, 0.436 mol) and formaldehyde (37% ; 16.4 ml, 0.349 mol) were added over 
4-5 minutes, and the mixture heated at reflux for 20 hours. The mixture was cooled to ambient temperature, 

30 diluted with 400 ml H 2 0 and adjusted to pH 10.5 with 50% NaOH. The aqueous layer was separated and ext- 
racted 2 x 1 00 ml with fresh CHCI 3 . The organic layers were combined, stripped in vacuo to 350 ml, twice diluted 
with 450 ml of ethanol and restripped to 350 ml, and finally diluted with 1000 ml H 2 0 over a 1 hour period, paus- 
ing for 15 minutes as a slurry began to develop after the addition of about 250 ml of H 2 0. Title product was 
recovered by filtration and dried in air at 50°C for 24 hours, 85 g ; mp 136°C ; differential thermal analysis (heat- 

35 ing rate 20°C/minute) shows an endotherm at 142°C ; thermal gravimetric analysis (heating rate 30°C/minute) 
shows a 2.6% weight loss at 100°C and a 4.5% weight loss at 150°C ; water content 3.92% ; ethanol content 
1.09%. 

Anal. Calcd. for C 3 eH 72 N 2 0 12 (corrected for ethanol and water content) : 
C, 58.46 ; H, 9.78 ; N, 3.74 ; Alkoxy, 4.67. 
40 Found : C, 58.40 ; H, 9.29 ; N, 3.50 ; Alkoxy, 4.52. 

A sample of the monohydrate (having a water content of 3.2%) was maintained at 18% relative humidity 
for 1 4 days. The sample lost water over the first 24 hours to yield the monohydrate having the theoretical water 
content (2.35%). The water content then remained substantially constant over 1 4 days, a value of 2.26% being 
recorded at 14 days. 

45 At 33% relative humidity the water content of a sample of the same monohydrate rapidly rose to 5.6% where 
it remained substantially steady for at least three days. Similarly at 75% and 100% relative humidity, the water 
content rose rapidly, but was now maintained at even higher levels, 6.6% and 7.2%, respectively, for at least 
3 days. 

50 

Claims 

Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

55 1 . Crystalline azithromycin dihydrate. 

2. A method of preparing crystalline azithromycin dihydrate which comprises crystallization from a mixture 
of tetrahydrofuran and a (C5-C7) aliphatic hydrocarbon in the presence of at least 2 molar equivalents of water. 
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3. A method of claim 2 wherein the hydrocarbon is hexane. 

4. A pharmaceutical composition comprising crystalline azithromycin dihydrate and a pharmaceutically 
acceptable diluent or carrier. 

5. Crystalline azithromycin dihydrate for use as a medicament. 

5 6. The use of crystalline azithromycin dihydrate for the manufacture of an antibacterial agent. 

Claims for the following Contracting States : ES, GR 

1 . A method of preparing crystalline azithromycin dihydrate which comprises crystallization from a mixture 
w of tetrahydrofuran and a (C^CyJal iphatic hydrocarbon in the presence of at least 2 molar equivalents of water. 

2. A method of claim 1 wherein the hydrocarbon is hexane. 



Patentanspruche 

15 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH f DE, FR, GB, IT, LI, LU, NL, SE 

1. Kristallines Azithromycin-Dihydrat. 

2. Verfahren zur Herstellung von kristallinem Azithromycin-Dihydrat, das umfaBt : das Kristallisieren aus 
20 einer Mischung von Tetrahydrofuran und einem aliphatischen (Cs-C^-Kohlenwasserstoff in Gegenwart von 

mindestens 2 Molaquivalenten Wasser. 

3. Verfahren nach Anspruch 2, worin der Kohlenwasserstoff Hexan ist. 

4. Pharmazeutische Zusammensetzung, die kristallines Azithromycin-Dihydrat und ein pharmazeutisch 
annehmbares Verdunnungsmittel oder einen solchen Trager umfa&t. 

25 5. Kristallines Azithromycin-Dihydrat zur Verwendung als Arzneimittel. 

6. Die Verwendung von kristallinem Azithromycin-Dihydrat zur Herstellung eines antibakteriellen Mittels. 

Patentanspruche fur folgende Vertragsstaaten : ES, GR 

30 1. Verfahren zum Herstellen von kristallinem Azit omycin-Dihydrat, welches das Kristallisieren aus einer 
Mischung von Tetrahydrofuran und einem aliphatischen (Cs-C^-Kohlenwasserstoff in Gegenwart von minde- 
stens 2 Molaquivalenten wasser umfa&t. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dad der Kohlenwasserstoff Hexan ist 

35 

Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, 
SE 

40 

1 . Dihydrate d'azithromycine cristallin. 

2. Procede de preparation de dihydrate d'azithromycine cristallin, qui comprend la cristallisation dans un 
melange de tetrahydrofuranne et d'un hydrocarbure aliphatique en C 5 a C 7 en presence d'au moins deux equi- 
valents molaires d'eau. 

45 3. Procede suivant la revendication 2, dans lequel I'hydrocarbure est I'hexane. 

4. Composition pharmaceutique comprenant du dihydrate d'azithromycine cristallin et un diluant ou support 
acceptable du point de vue pharmaceutique. 

5. Dihydrate d'azithromycine cristallin destine a etre utilise comme medicament. 

6. Utilisation de dihydrate d'azithromycine cristallin pour la preparation d'un agent anti-bacterien. 

so 

Revendications pour les Etats contractants suivants : ES, GR 

1. Procede de preparation de dihydrate d'azithromycine cristallin, qui comprend la cristallisation dans un 
melange de tetrahydrofuranne et d'un hydrocarbure aliphatique en C 5 a C 7 en presence d'au moins deux equi- 

55 valents molaires d'eau. 

2. Procede suivant la revendication 1, dans lequel I'hydrocarbure est I'hexane. 
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